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Introduction
Lactococcus lactis is one of the best known and characterized species of Lactic Acid Bacteria (LAB). These bacteria are present in the natural environment, including products of spontaneous milk or plant fermentation. They play an important role in the production of various dairy products but are also used as food additives and animal feed. In addition, lactococci are also responsible for flavour formation through their proteolytic and amino acid conversion pathways (Rattanachaikunsopon and Phumkhachorn, 2010) .
The common use of antibiotics in medicine and as "growth promoters" in animal breeding has caused a significant increase in the number of strains resistant to antibiotics, including among LAB. Tetracyclines are one example of such extensively used antibiotics.
They are broad-spectrum antibiotics active against both Gram-positive and Gram-negative bacteria that act at the ribosomal level to interfere with bacterial protein synthesis.
Tetracyclines have been widely used in livestock farming as well as in the prophylactic and therapeutic treatment of human and animal infections. Unfortunately, this prevalent use of tetracyclines has led to an increase in antibiotic resistance. The major mechanisms of tetracycline resistance involve efflux pumps, ribosomal protection proteins, and direct enzymatic drug inactivation. To date, more than 40 tetracycline-resistance genes have been identified and characterized, and the best known are tet(M), tet(S) and tet(O) (van Hoek et al., 2011) . These genes are often located on mobile elements, such as plasmids and transposons, and may therefore be easily transferred between bacteria (Clewell et al., 1995; Rice, 1998) .
The concomitant presence of antibiotics and bacteria growing at high densities enables the spread of antibiotic resistance among microorganisms. LAB, which are an element of the gastrointestinal microbiota, are potentially vulnerable to acquired antibiotic resistance.
Furthermore, genes conferring antibiotic resistance can be easily transferred between
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4 pathogenic, potentially pathogenic and commensal bacteria (Delgado et al., 2005; Devirgiliis et al., 2011; Mathur and Singh, 2005) . Based on the above-described observations, it has been hypothesized that the gastrointestinal bacteria, including commensals, may be reservoirs of antibiotic-resistance genes (Salyers et al., 2004) .
The increase in antibiotic resistance among microorganisms has been recognized as one of the most serious public health problems in the European Union (ECDC/EMEA, 2009).
Therefore, it is crucial to estimate the level of antibiotic resistance of lactic acid bacteria and assess the role of LAB as a source of antibiotic-resistance genes. Thus, the aim of this study was to evaluate the presence of LAB strains resistant to antibiotics in samples isolated from
Polish raw milk and fermented artisanal products as well as to molecularly characterize the L.
lactis strains resistant to tetracycline.
5 2. Materials and methods
Bacterial strains and growth conditions
Five-hundred LAB isolates were recovered at the turn of the century from samples of Polish artisanal dairy products and raw milk from cows, sheep and goats collected from individual farms and local food markets were used in this study. The isolates were grown in M17 broth (Difco, Detroit, MI, USA) supplemented with 0.5% (wt/vol) glucose (POCH, Gliwice, Poland) (GM17) at 30°C for 24 to 48 h. Agar plates were prepared by adding 1.5%
(wt/vol) agar (Merck, Darmstadt, Germany) to the liquid medium. The Tet R (tetracyclineresistant; Tet-resistant) strains, were grown in GM17 supplemented with 10 g ml -1 tetracycline (Sigma, St. Louis, MO, USA).
Antibiotic resistance screening
Ten microliters of overnight cultures of examined LAB isolates were dropped onto GM17 plates supplemented or not supplemented with antibiotics (purchased from Sigma, St.
Louis, MO, USA) at the following concentrations: 2 g ml -1 tetracycline (Tet), 6 g ml -1 vancomycin (Van), 5 g ml -1 erythromycin (Ery) and 200 g ml -1 streptomycin (Str). The plates were incubated for 48 h for assessing the Tet-, Van-, Str-and Ery-resistant phenotypes.
The concentrations of the antibiotics used in this study were chosen according to the published antibiotic breakpoints (Ammor et al., 2007; Florez et al., 2007) . A bacterial isolates was assessed as antibiotic resistant if it was able to grow on GM17 with the given antibiotic.
Isolation of total and plasmid DNA
The total DNA from lactococcal cells was extracted according to a method reported by Anderson and McKay (1983) . Plasmid DNA isolation was performed following the procedure reported by Birnboim (1979) . The DNA preparations were stored at -20°C until use.
Species identification of antibiotics resistant LAB strains.
PCR assays were used for the taxonomic identification of the analysed isolates. To this end, the 16S rRNA gene fragments were amplified using two pairs of primers, namely 212-F/1406-R and 68F/1406-R to evaluate a isolate as Lactococcus species (Salama et al., 1991) .
All of the primers used in this study are described in Table 1 . LacF/LacreR primers were used to discriminate L. lactis subsp. lactis, whereas the 68-F/1406-R and Cre-F/LacreR primers were used to distinguish L. lactis subsp. cremoris from other lactococci (Table 1 ) (Salama et al., 1991; Pu et al., 2002) . To identify IBB11, IBB62 and IBB64 isolates, the G1 and L2 primers were used (Barangou et al., 2002 Table 1 ) for 1 min, and elongation at 72°C for 2 min and a final extension at 72°C for 7 min.
The PCR products were separated by electrophoresis on a 0.8% agarose gel (BioShop, Ontario, Canada) and visualized after ethidium bromide (Merck, Darmstadt, Germany) staining under UV light. The PCR products were then purified using a Wizard SV Gel and PCR Clean-Up System (Promega, Madison, WI, USA) and sequenced by the DNA Sequencing and Oligonucleotide Synthesis Service at IBB PAS in Warsaw, using an ABI377
Sequencer. Homology searches were performed by BLAST (Basic Local Alignment Search Tool) against the protein database in the NCBI website.
Pulsed-Field Gel Electrophoresis (PFGE)
Genomic DNA was prepared in situ in agarose blocks (InCert Agarose, Lonza, Walkersville, MD, USA) as described previously (Hung and Bandziulis, 1990) and was digested overnight with the restriction enzyme SmaI (Fermentas, Vilnius, Lithuania) at 30°C (Howard et al., 1992) . The SmaI-generated DNA fragments were resolved by PFGE in 1%
agarose (PFGE-certified, Bio-Rad, Hercules, CA, USA) and 0.5x TBE buffer (Merck, Darmstadt, Germany) using a CHEF DR III (Bio-Rad, Hercules, CA, USA) apparatus.
Electrophoresis was performed at a constant voltage of 6 V/cm and a temperature of 14°C for 23 h with a 120° angle and a pulse time of 1 to 25 s. The Lambda DNA ladder (BioLabs, Hitchin, UK) was used as a molecular size marker. The PFGE DNA patterns were compared, and a dendrogram was constructed using SynGene GeneTools, File version 4.00.00
(SynGene, Cambridge, UK). 
Level of antibiotic resistance -Etest and disc diffusion methods

Identification of tetracycline resistance genes.
In the Tet R strains, tet genes encoding RPP were probed using the universal and degenerated primers DI and DII, as described by Gevers et al. (2003) ( Table 1 ). In cases of positive results for the presence of RPP genes, additional PCR assays were performed with (Table 1) ( Aminov et al., 2001; Gevers et al., 2003; Ng et al., 2001; Villedieu et al., 2003) . The Tet R strains were also tested for the presence of the tetracycline efflux genes tet(K) and tet(L) ( Table 1 ) (Gevers et al., 2003; Ng et al., 2001) .
primers specific for the tet(M), tet(S), tet(O), tet(W), tet(Q) and tet(T) genes
Genes conferring antibiotic resistance are often located on transposons. Therefore, the detection of Tn916, which is the most common transposon in Gram-positive bacteria, was performed by PCR assays using previously published primers ReversTet(M)-2/Tn916-2 (Table 1 ) (Agerso et al., 2002) . The PCR conditions used are described above. The amplified PCR products were purified using the Wizard SV Gel and PCR Clean-Up System and sequenced. Sequence alignments were performed using the BLAST search with the GenBank database (Altschul et al., 1990) .
DNA hybridization
Both genomic DNA and plasmid DNA were used in this experiment. The genomic DNA from the tetracycline-resistant strains was digested with the EcoRI restriction enzyme (Fermentas, Vilnius, Lithuania) and was run on a 1% agarose gel (Sigma, St. Louis, MO, USA) with non-digested samples of plasmid DNA. The DNA was then transferred and blotted onto a nylon membrane (Hybond N+; Amersham Pharmacia, Little Chalfont, UK) using standard protocols (Sambrook, 2001) . DNA fragments of the tet(M) and tet(S) genes obtained by PCR using specific primers (Table 1) were used as probes after labelling with α 32 P-dATP (Hartmann Analytic, Braunschweig, Germany) and the HexaLabel TM DNA Labelling Kit (Fermentas, Vilnius, Lithuania). The labelling, hybridization and detection steps were performed following the manufacturer's recommendations.
Results
Isolation and taxonomic identification of antibiotic-resistant strains
Tetracycline-resistant (Tet R ) and vancomycin-resistant (Van R ) isolates were recovered from various regions of Poland (data not shown). Of the 500 LAB isolates that were tested in the study, only seven (IBB11, IBB28, IBB160, IBB161, IBB224, IBB477, and IBB487) were able to grow on plates with tetracycline, whereas two isolates (IBB62 and IBB64) grew on plates with vancomycin. None of the isolates grew on media with the other tested antibiotics.
Six Tet R isolates namely IBB28, IBB160, IBB161, IBB224, IBB477 and IBB487, were identified as Lactococcus species because a 1200-bp DNA fragment (coding 16S rRNA gene) was amplified using the primers 212-F and 1406-R (Salama et al., 1991) . Three of the six isolates (IBB224, IBB477 and IBB487) were found to belong to the subspecies of cremoris (L. lactis subsp. cremoris) because PCR products of the expected lengths of approximately 1300-bp (68-F/1406-R primers) and 160-bp (Cre-F/LacreR) specific for L.
lactis subsp. cremoris were obtained. A 160-bp fragment of DNA from the IBB28, IBB160
and IBB161 isolates was amplified using the primers LacF and LacreR indicating that these bacteria are Lactococcus lactis subsp. lactis (Fig. 1A) .
Using the primers 212-F and 1406-R, no PCR product (fragment of 16S rRNA gene) was obtained from three of the studied isolates: IBB11, IBB62 and IBB64. Further taxonomic identification of these isolates was performed by amplification and subsequent sequencing of the 550-bp DNA fragment located between the 16S and 23S rRNA genes using the G1 and L2 primers (Fig. 1B) . The DNA sequences of the amplified fragments were compared with those reported in the GenBank database. The results revealed that two Van R isolates (IBB62 and IBB64) belong to Leuconostoc citreum, whereas IBB11 was identified as Streptococcus parauberis. Because Leuconostoc citreum bacteria are intrinsically resistant to vancomycin
and Streptococcus parauberis is known as a bacterial pathogen associated with bovine mastitis, they were not subjected to further investigations.
To examine the degree of mutual similarity of the tested Tet R isolates, the PFGE technique was used. The SmaI PFGE profiles obtained for the six tetracycline-resistant strains displayed specific patterns for all of the tested samples (Fig. 1C) . These patterns were then compared using the SynGene GeneTools program (File version 4.00.00). This analysis showed some differences and similarities between the Tet R strains. The patterns of the bands for the IBB28, IBB160, IBB161 and IBB224 strains were significantly different.
Additionally, it was observed that two of these (IBB477 and IBB487) exhibited very similar (but not identical) profiles that differed from each other in just a few bands (marked by arrows on Fig. 1C ).
In conclusion, these results suggested that all six Tet R isolates are different strains belonging to species L. lactis.
Level of antibiotic resistance
The susceptibility of six Tet R strains to seven antibiotics essential for the treatment of animals and humans (tetracycline, streptomycin, ampicillin, erythromycin, chloramphenicol, vancomycin and clindamycin) was assessed by the Etest method. L. lactis IL1403 was used as the control strain. All of the tested strains were susceptible to chloramphenicol (MIC range = 1.5 -3 g ml -1 ), vancomycin (MIC range = 0.25 -1 g ml -1 ), streptomycin (MIC range = 8 -32 g ml -1 ), erythromycin (MIC range = 0.047 -0.094 g ml -1 ), ampicillin (MIC range = 0.125 -0.25 g ml -1 ) and clindamycin (MIC range = 0.016 -0.19 g ml -1 ). However, six Tet R strains displayed resistance to tetracycline with MIC ≥ 256 g ml -1 compared with the control strain, which, as expected, was susceptible to this antibiotic (MIC = 3 g ml -1 ; Table   2 ).
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To examine whether the tetracycline resistance of the six Tet R strains is correlated with their resistance to other antibiotics, the susceptibility to 39 antibiotics from 14 different chemical groups was tested using the disk diffusion method. Significant differences in the growth inhibition zones between the six Tet R strains and the control strain were observed only in the case of doxycycline, another antibiotic from the tetracycline group. The diameters of the growth inhibition zones obtained for the IBB28, IBB160, IBB477 and IBB487 strains were smaller by approximately 52% in comparison with the control strain, whereas that obtained for IBB161 was approximately 56% smaller (Table 3) .
Thus, there was no correlation between the resistance to tetracycline and the resistance to antibiotics from other classes in the tested strains.
Identification of tetracycline-resistance genes
The genetic basis of the observed phenotypic resistance was investigated by PCR with the primers DI and DII specific for the genes encoding RPP or primers specific for tetracycline efflux proteins (primers TetK-F, TetK-R, TetL-F, and TetL-R, presented in Table   1 ). In all of the tested strains, the RPP genes were identified ( Fig. 2A) , but neither tet(K) nor tet(L) was detected (data not shown). To identify specific genes involved in the RPP resistance mechanism, primers specific for the tet
(M), tet(S), tet(O), tet(T), tet(Q) and tet(W)
genes were used. The presence of the tet(M) gene was detected in the IBB161, IBB477, and IBB487 strains, whereas tet(S) was found in IBB28, IBB160 and IBB224 (Figs. 2B and 2C ).
None of the strains harboured the other analysed tet-resistance determinants (data not shown).
To further characterize the identified genes (tet(M) and tet(S)), their PCR-amplified fragments were sequenced. The obtained nucleotide sequences were analyzed using bioinformatic programs Clone Manager and BLAST. The results showed that the nucleotide sequence of the tet(M) gene from all three strains had highest homology to the tet(M) gene of
Enterococcus faecalis (Altschul et al., 1990; Su et al., 1992) . The sequence of the tet(S) gene present in the IBB160 and IBB224 strains had maximal homology to the gene of Listeria monocytogenes, whereas the tet(S) gene from IBB28 was almost identical (99%) to the tet(S)
gene from the lactococcal plasmid pK214 (Altschul et al., 1990; Perreten et al., 1997) .
The results of these experiments demonstrated that the RPP mechanism of tetracycline resistance is present in all six examined Tet R strains. The tet(S) gene is present in the IBB28, IBB160 and IBB224 strains, whereas tet(M) is present in IBB161, IBB477 and IBB487.
Presence of mobile elements in Tet R strains
Many bacterial antibiotic-resistance genes are present on mobile genetic elements, such as plasmids and transposons. For this reason, the presence of plasmids in six Tet R L.
lactis strains was examined. The results demonstrated that most strains contain more than one plasmid. The analysis of the electrophoretic plasmid profiles showed the significant similarity between two pairs of strains, namely IBB28/IBB161 and IBB477/IBB487, whereas IBB160 and IBB224 were found to have their own unique plasmid profiles (Fig. 1S A) .
The tet(M) gene is frequently associated with the Tn916 transposon. Therefore, to verify the presence of this mobile element in Tet R L. lactis strains, the RevTet(M)-2 and Tn916-2 primers were used to amplify the tet(M) gene in connection with Tn916 (2865-bp).
In three Tet R L. lactis strains, namely IBB161, IBB477 and IBB487, the appropriate PCR products were obtained, proving that these strains contain the Tn916 transposon (Fig. 1S B) .
Location of the tetracycline-resistance gene
To identify the location of the tet(M) and tet(S) genes in the Tet R L. lactis strains, the Southern hybridization technique was used. The 2256-bp DNA fragment (coding tet(M) gene with promotor fragment) and the 589-bp internal fragment of tet(S) gene obtained by PCR
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14 were radiolabeled and hybridized to the total DNA digested with the EcoRI restriction enzyme and to the undigested plasmid DNA. In three strains (IBB161, IBB477 and IBB487), the tet(M) probe hybridized to the digested total DNA, whereas in two strains (IBB477 and IBB487), the probe hybridized to the plasmid. Regarding the tet(S) probe, it hybridized to both the digested genomic DNA and the plasmids in three strains (IBB28, IBB160 and
IBB224; Figs. 2S A and B).
These results indicated that the tet(M) gene is present in IBB161 on the chromosomal DNA. In IBB477 and IBB487, the concomitant labelling of the plasmid and genomic DNA indicated that tet(M) was located on the plasmid excised from the chromosomal DNA. In contrast to the variable location of tet(M), the tet(S) gene from IBB28, IBB477 and IBB487 was located only on plasmid elements.
Discussion
Antibiotics play an important role in decreasing morbidity and mortality associated with bacterial infections and have a significant impact on the success of medicine.
Additionally, they are also used as therapeutic agents and animal growth promoters and in agriculture for the control of plant diseases (Ammor et al., 2007; Wegener, 2003) . From a large collection of 500 LAB isolates from natural environments, only six L.
lactis strains were revealed to be resistant to tetracycline, with markedly high MIC values greater than 256 μg ml -1 (Table 2) To summarize, the results of this study showed that the possibility of transferable resistance to tetracycline among Polish LAB strains exists, but that it is not as serious a problem as was suggested by other researchers (EFSA, 2012; Florez et al., 2005) . The observation that multi-resistance is uncommon among L. lactis is in accordance with other published reports (Ammor et al., 2007; Florez et al., 2005) . The results obtained both by Roberts (2005) and our group showed that the risk of transfer of antibiotic-resistance genes to pathogens is low (Boguslawska et al., 2009; Roberts, 2005) . Thus, the use of LAB species as probiotics in medicine and industry appears to be not only justifiable but also safe. However, the increasing number of antibiotic-resistant bacteria and the potency of transferring the resistance genes between pathogens should be under regular genetic monitoring, particularly in environments with high risk of mutations. The careful screening of LAB intended for use in food systems should allow the avoidance of the spread of antibiotic-resistance determinants in the gastrointestinal environment (Teuber et al., 1999; Teuber and Perreten, 2000) .
Such studies involving the critical evaluation of antibiotic resistance in natural environmental and food chain have been published recently (Ammor et al., 2007; Devirgiliis et al., 2010; Florez et al., 2005; Florez et al., 2008; Hummel et al., 2007; Klare et al., 2007; Nawaz et al., 2011) . The results of our study are part of an international project, ACE-ART 
